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(57) ABSTRACT 

A first and second inner dies are combined to form a molding 
cavity, in which a fluidic material is charged and hardened for 
molding a tubular member, which has a side surface at least 
partially defining a projected portion being higher at one end 
than the other end. The first inner die forms an inner space of 
the tubular member. The second inner die forms the projected 
portion. A first actuating unit draws the first inner die from the 
other end along a first moving path, which is Substantially 
linear along an axis of the tubular member. A second actuating 
unit draws the second inner die from the other end along a 
second moving path, which bulges toward the inner space and 
passes through the inner space. 

6 Claims, 10 Drawing Sheets 
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FIG. 4 
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FIG. 7A 
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MOLDINGAPPARATUS AND METHOD FOR 
MOLDING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based on and incorporates herein by 
reference Japanese Patent Application No. 2008-4853 filed 
on Jan. 11, 2008. 

FIELD OF THE INVENTION 

The present invention relates to a molding apparatus for 
molding a product having a tubular member and a method for 
molding the product. 

BACKGROUND OF THE INVENTION 

In a molding process of a resin product, which has an 
undercut portion, a resin product needs to be removed from 
molding dies Subsequent to opening the molding dies, with 
out damaging the undercut portion. For example, JP-A6 
114893 proposes molding dies including multiple dies 
around an undercut portion. The molding dies are configured 
to be opened when an undercut portion is removed from the 
molding dies. 

FIG. 13 is a front view showing a molded product 2, which 
includes a tubular member 1, and one example of a moving 
path of an inner die 3 according to a prior art. According the 
prior art, an molding apparatus has an inner die 3 for forming 
the inner space of the tubular member 1 of the molded product 
2. In a case where a molded product 2 does not have a large 
portion5, and a tubular member 1 is trapezoid in cross section 
when taken alonganaxis of the molded product 2, an inner die 
3 can be slid to the left side in FIG.13 and drawn from an inner 
space of the tubular member 1 through an end 4, which has a 
large opening. However, in the structure shown in FIG. 13, a 
large portion 5 is integrated with the end 4 of the tubular 
member 1. That is, the molded product 2 has an undercut 
portion. Accordingly, the inner die 3 cannot be axially drawn 
from the inner space of the tubular member 1 from the end 4 
to the right side in FIG. 13, as imaginarily shown in FIG. 13. 

SUMMARY OF THE INVENTION 

In view of the foregoing and other problems, it is an object 
of the present invention to produce a molding apparatus 
capable of efficiently molding a product, which has a tubular 
member as an undercut portion. It is another object of the 
present invention to produce a method for molding the prod 
uct. 

According to one aspect of the present invention, a molding 
apparatus comprises a first inner die and a second inner die 
configured to be combined to form a molding cavity for 
molding a molded product, which has a tubular member hav 
ing a side Surface at least partially defining a projected portion 
having one end and an other end in an axial direction, the one 
end being higher than the other end, the first inner die being 
configured to form an inner space of the tubular member, the 
second inner die being configured to form the projected por 
tion. The molding apparatus further comprises a first actuat 
ing unit configured to draw the first inner die along a first 
moving path through the other end of the tubular member. The 
molding apparatus further comprises a second actuating unit 
configured to draw the second inner die along a second mov 
ing path through the other end of the tubular member. The first 
moving pathis substantially linear along an axis of the tubular 
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2 
member. The second moving path bulges toward the inner 
space, which is formed by drawing the first inner die, and 
passes through the inner space. 

Alternatively, according to another aspect of the present 
invention, a method for molding a molded product, which has 
a tubular member having a side Surface at least partially 
defining a projected portion having one end and an other end 
in an axial direction, the one end being higher than the other 
end, the method comprises clamping a first inner die, which is 
for forming an inner space of the tubular member, and a 
second inner die, which is for forming the projected portion. 
The method further comprises charging a fluidic material into 
the molding cavity. The method further comprises hardening 
the fluidic material in the molding cavity. The method further 
comprises first drawing the first inner die along a first moving 
path through an other end of the tubular member. The method 
further comprises second drawing the second inner die along 
a second moving path through the other end of the tubular 
member. The first moving path is substantially linear along an 
axis of the tubular member. The second moving path bulges 
toward the inner space, which is formed by the first inner die, 
and passes through the inner space. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the 
present invention will become more apparent from the fol 
lowing detailed description made with reference to the 
accompanying drawings. In the drawings: 

FIG. 1 is a schematic side view showing a molding appa 
ratus in a molding-dies-clamped condition according to an 
embodiment; 

FIG. 2 is a schematic side view showing the molding appa 
ratus in a molding-dies-opened condition; 

FIG.3 is an enlarged top view showing a part of the mold 
ing apparatus; 

FIG. 4 is a perspective view showing a molded product 
when viewed from a front side; 

FIG. 5 is a perspective view showing the molded product 
when viewed from a rear side; 

FIG. 6 is a flowchart showing a molding process; 
FIGS. 7A to 7C are top views each showing a sub-sliding 

die and a main-sliding die in the removing process; 
FIG. 8 is an enlarged top view showing the part of the 

molding apparatus in the removing process; 
FIG. 9 is an enlarged top view showing the part of the 

molding apparatus in the removing process; 
FIG. 10 is a schematic perspective view showing a main 

actuator portion; 
FIG. 11 is a schematic perspective view showing a sub 

actuator portion; 
FIGS. 12A to 12C are schematic sectional views each 

showing a Sub-sliding member and an action part, which are 
being moved; and 

FIG. 13 is a schematic top view showing a molded product 
including a tubular member and one example of a moving 
path of an inner die according to a prior art. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Embodiment 

The present first embodiment will be described with refer 
ence to FIGS. 1 to 12. As shown in FIGS. 1 to 5, a molding 
apparatus 10 is configured to mold a molded product 11, 
which includes a tubular member (tubular portion) 12. FIG.3 
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shows a part of the molding apparatus around an inner die for 
forming the inner space of the tubular member 12 of the 
molded product 11. The molding apparatus 10 produces the 
molded product 11, which has the tubular member 12, by 
forming a molding cavity 13 among multiple dies, charging a 
fluidic material into the molding cavity 13, and hardening the 
fluidic material. According to the present embodiment, mul 
tiple dies are clamp to each other, and melting resin is charged 
into the molding cavity 13 defined by the clamped dies so as 
to form the molded product 11 from resin in the molding 
apparatus 10. Thus, the molding dies are opened and the 
molded product 11 is removed from the molding dies. 
As shown in FIGS. 4, 5, the molded product 11 formed by 

the molding apparatus 10 includes the tubular member 12 and 
a body portion 14. The tubular member 12 has a sidewall, 
which is substantially uniform in thickness. The tubular 
member 12 has one axial end at the side of one opening 15 and 
the other axial end at the side of the other opening 16 in the 
axial direction. The sidewall of the tubular member 12 at least 
partially defines an inclined portion 17, which protrudes from 
the side of the other axial end of the tubular member 12. The 
inclined portion 17 is a projected portion and inclined from 
the one opening 15 at the one axial end toward an other 
opening 16 at the other axial end so as to be closer to the axis 
L3. According to the present embodiment, the inclined por 
tion 17 is substantially in a curved shape such as an arc shape 
and bent from the one opening 15 at the one axial end toward 
the other opening 16 at the other axial end. In the present 
structure, the one opening 15 at the one end is larger than the 
other opening 16 at the other end in the tubular member 12. 
The tubular member 12 is substantially rectangle in cross 
section taken along one imaginary plane, which perpendicu 
larly intersects with the axial direction. The one opening 15 of 
the tubular member 12 is connected with a body portion 
(other portion) 14. The body portion 14 is substantially in a 
rectangular shape and integrally provided with the tubular 
member 12, which protrudes from the sidewall of the body 
portion 14. 

Next, the molding apparatus 10 will be described in detail. 
The molding apparatus 10 includes a stationary die 18, a 
moving die 19, a Sub-sliding die 20, a main-sliding die 21, and 
an actuator 22, which functions as a driving mechanism. The 
stationary die 18 is one of the multiple dies and configured to 
form the molding cavity 13 with the moving die 19 so as to 
define the outline of the molded product 11. The stationary 
die 18 functions to form at least the side wall of the tubular 
member 12. The stationary die 18 is fixed to a predetermined 
stationary member Such as a base member of the molding 
apparatus 10. The moving die 19 is an other of the multiple 
dies and configured to form the molding cavity 13 with the 
stationary die 18 so as to define the outline of the molded 
product 11. The moving die 19 functions to form at least the 
side wall of the tubular member 12. The moving die 19 is 
movable relative to the stationary die 18. The sub-sliding die 
20 and the main-sliding die 21 function as inner dies so as to 
form the inner space of the tubular member 12. The two dies 
including the Sub-sliding die 20 and the main-sliding die 21 
define the shape of the inner wall of the tubular member 12, 
and thereby defining the inner space of the tubular member 
12. The main-sliding die 21 defines the shape of the inclined 
portion 17 of the tubular member 12. The sub-sliding die 20 
defines the shape of a remaining portion of the tubular mem 
ber 12 other than the portion defined by the main-sliding die 
21. In the present structure, the sub-sliding die 20 does not 
define the shape of the inclined portion 17 of the tubular 
member 12. 
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4 
As shown in FIGS. 7A to 7C, the sub-sliding die 20 func 

tions as a first inner die and configured to be drawn along a 
Substantially linear drawing path (moving path) L1 along the 
axis L3 of the tubular member 12. That is, the sub-sliding die 
20 can be drawn along the Substantially linear moving path L1 
directed from the one opening 15 toward the other opening 16 
when the molding dies are clamped. As described above, the 
sub-sliding die 20 does not define the inclined portion 17 of 
the tubular member 12. Thereby, the sub-sliding die 20 is in a 
shape so as to be easily drawn along the Substantially linear 
path without being moved in a complicated path. The Sub 
sliding die 20 is Substantially in a rectangular parallelepiped 
shape. The sub-sliding die 20 enlarges from the one end at the 
side of the one opening 15 toward the other end at the side of 
the other opening 16. That is, the sub-sliding die 20 is diver 
gent, i.e., tapered from the one opening 15 toward the other 
opening 16. Therefore, the sub-sliding die 20 can be drawn 
without being stuck on the inner wall of the tubular member 
12. The main-sliding die 21 functions as a second inner die. A 
moving path L2 of the main-sliding die 21 is, for example, 
Substantially in an arc-shape and bulges into the inner space, 
which is configured to accommodate the Sub-sliding die 20. 
That is, the moving path L2 passes through the inner space, 
which is configured to accommodate the Sub-sliding die 20. 
The main-sliding die 21 can be drawn along the Substantially 
arc-shaped moving path L2 directed from the one opening 15 
toward the other opening 16 when the molding dies are 
clamped. The moving path L2 of the main-sliding die 21 
passes through the inner space, which is configured to accom 
modate the sub-sliding die 20. As described above, the main 
sliding die 21 defines the inclined portion 17 of the tubular 
member 12. The inclined portion 17 defines an undercut 
portion of the molded product 11. In a case where the inclined 
portion 17 is drawn along a substantially linear path, the 
inclined portion 17 cannot be drawn from the other opening 
16. The main-sliding die 21 cannot be drawn through the 
other opening 16 without passing through the inner space, 
which is configured to accommodate the Sub-sliding die 20. 
In the present structure, the main-sliding die 21 is drawn 
along the Substantially arc-shaped moving path L2 passing 
through the inner space. The main-sliding die 21 is in a shape 
Such that one corner of a Substantially rectangular parallel 
epiped object is removed to define a curved surface, which is 
convex toward the opposite corner on the diagonal line of the 
object. The curved surface of the main-sliding die 21 defines 
the shape of the inclined portion 17 of the tubular member 12. 
The main-sliding die 21 can be drawn without being stuck on 
the inclined portion 17 by drawing the main-sliding die 21 
along the moving path L2, which is similar to the shape of the 
inner wall of the inclined portion 17. 
The main-sliding die 21 and the sub-sliding die 20 are in 

close contact with each other via Surfaces opposed to each 
other when the molding dies are clamped. The Sub-sliding die 
20 urges the main-sliding die 21 toward the moving die 19 or 
the stationary die 18 when the molding dies are clamped. In 
the present structure, joining sections between the molding 
dies 18 to 21 can be protected from intrusion of melting resin 
when the molding dies are clamped. The actuator 22 is con 
figured to move the moving die 19, the stationary die 18, the 
sub-sliding die 20, and the main-sliding die 21 relative to each 
other, and thereby causing a molding-dies-clamped condition 
and a molding-dies-opened condition. The actuator 22 is con 
trolled by hydraulic pressure, for example. As shown in FIGS. 
8to 11, the actuator 22 includes a moving-die actuator portion 
23, a sub-actuator portion 24, and a main-actuator portion 25. 
The moving-die actuator portion 23 functions as a third actu 
ating unit for actuating the moving die 19 relative to the 
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stationary die 18. As shown in FIG. 8, the moving-die actuator 
portion 23 actuates the moving die 19 in a die-opening direc 
tion Z, which intersects the axial direction of the tubular 
member 12, which is to be molded. The sub-actuator portion 
24 functions as a first actuating unit. The Sub-actuator portion 
24 is configured to draw the sub-sliding die 20 through the 
other opening 16 of the tubular member 12 when the molding 
dies are 18-21 moved from each other and opened. The main 
actuator portion 25 functions as a second actuating unit. The 
main-actuator portion 25 is configured to draw the main 
sliding die 21 through the other opening 16 of the tubular 
member 12 subsequent to the drawing of the sub-sliding die 
20. 
As shown in FIG. 1, the stationary die 18 is provided with 

two sliding members including a Sub-sliding member 26 and 
a main-sliding member 27. Each of the sliding members 26, 
27 functions as a moving member. The Sub-actuator portion 
24 and the main-actuator portion 25 are actuated in conjunc 
tion with movement of the moving die 19. Therefore, each of 
the sliding members 26, 27 functions as a power transmission 
unit for transmitting output power of the moving-die actuator 
portion 23 to the Sub-actuator portion 24 and the main-actua 
torportion 25. The sub-sliding member 26 is engaged with the 
sub-actuator portion 24. The moving die 19 is actuated in the 
die-opening direction Z, and thereby the Sub-sliding member 
26 displaces an engaged portion with the Sub-actuator portion 
24 So as to actuate the Sub-actuator portion 24. The main 
sliding member 27 is engaged with the main-actuator portion 
25. The moving die 19 is actuated in the die-opening direction 
Z, and thereby the main-sliding member 27 displaces an 
engaged portion with the main-actuator portion 25 so as to 
actuate the main-actuator portion 25. 

Next, a method for molding the molded product with the 
molding apparatus 10 will be described in detail with refer 
ence to FIG. 6. When the processing of FIG. 6 is executed, the 
processing proceed with step a1. Step a1 corresponds to a 
clamping process for combining and clamping the stationary 
die 18, the moving die 19, the sub-sliding die 20, and the 
main-sliding die 21 so as to thereamong define the molding 
cavity 13. Subsequently, the processing proceeds to step a2. 
The molding cavity 13 is substantially the same as the molded 
product 11 in shape. Step a2 is a charging process for charging 
melting resin as a fluidic material into a molding cavity 13 by 
using an injection device, for example. Subsequently, the 
processing proceeds to step as. Step a3 is a hardening process 
for hardening the charged melting resin. Subsequently, the 
processing proceeds to step a4. The hardening process may be 
carried out by, for example, holding the molding dies in a 
clamped condition for a predetermined period. Alternatively, 
for example, the molding dies around the molding cavity 13 
may be cooled. The hardening process may be carried out 
with another method. Step a4 is a removing process for 
removing the molded product 11, which is hardened at step 
a3, from opened multiple dies 18-21. Thus, the present pro 
cessing is terminated. Specifically, the moving-die actuator 
portion 23 actuates the moving die 19 in the die-opening 
direction Z. So as to open the molding dies. As described 
above, the sub-sliding die 20 and the main-sliding die 21 are 
respectively actuated in drawing directions in conjunction 
with the movement of the moving die 19. Though the present 
processes, the molded product 11 having the tubular member 
12 is molded. 

Next, the removing process of step a4 will be described 
further in detail. The removing process includes a first draw 
ing stage, which is for drawing the Sub-sliding die 20, and a 
second drawing stage, which is for drawing the main-sliding 
die 21 subsequent to the first drawing stage. FIG. 7A shows 
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6 
the sub-sliding die 20 and the main-sliding die 21 in the 
molding-dies-clamped condition. The Sub-sliding die 20 is 
initially in the molding-dies-clamped condition shown in 
FIGS. 3, 7A. On the first drawing stage, the sub-sliding die 20 
is drawn from the other opening 16 of the tubular member 12 
as shown in FIG. 7B.. As described above, the moving path L1 
of the sub-sliding die 20 is substantially linear and directed 
from the one opening 15 to the other opening 16. The sub 
sliding die 20 is drawn in this manner, and thereby forming 
the inner space, in which the main-sliding die 21 can be 
moved. 
As shown in FIGS. 7C, 8, on second drawing stage, the 

main-sliding die 21 is drawn from the other opening 16 of the 
tubular member 12. As described above, the moving path L2 
of the main-sliding die 21 is Substantially in a curved shape 
Such as an arc shape directed from the one opening 15 to the 
other opening 16 so as to pass through the inner space formed 
by drawing the sub-sliding die 20. Specifically, the other end 
of the main-sliding die 21 at the side of the other opening 16 
is first drawn along the arc-shaped moving path L2 through 
the other opening 16. Thereafter, one end 21a of the main 
sliding die 21, which is located at the side of the one opening 
15 and in contact with the sub-sliding die 20 when the sub 
sliding die 20 is in the molding cavity, is drawn through the 
inner space, which is formed by drawing the Sub-sliding die 
20. In the present condition, the one end 21a configured to be 
in contact with the sub-sliding die 20 is drawn in advance of 
an other end 21b, which is located at the side of the other 
opening 16 and define the inclined portion 17. Thus, the 
main-sliding die 21 can be restricted from being stuck on the 
inner wall of the tubular member 12 by being drawn in this 
manner. The main-sliding die 21 has one side, which corre 
sponds to the one opening 15 of the tubular member 12 when 
being in the molding-dies-clamped condition, and the one 
side of the main-sliding die 21 has the width W1. The other 
side of the other opening 16 of the tubular member 12 has the 
width W2. The width W1 is larger than the width W2. Even 
thought the main-sliding die 21 has such a shape, the main 
sliding die 21 can be drawn from the other opening 16, since 
the one end 21a, which is configured to be in contact with the 
Sub-sliding die 20, is drawn along the arc-shaped moving path 
L2 inadvance of the other end 21b, which defines the inclined 
portion 17. In the molding-dies-opened condition shown in 
FIG. 9 Subsequent to the second drawing stage, the main 
sliding die 21 is removed from the molded product 11 and the 
molded product 11 is taken out. 

Next, the main-actuator portion 25, which actuates the 
main-sliding die 21, will be described in detail. As shown in 
FIGS. 2, 10, the main-sliding member 27 is engaged with an 
engaged portion 27a of the main-actuator portion 25, and the 
moving die 19 is actuated in the die-opening direction Z. 
thereby the main-actuator portion 25 draws the main-sliding 
die 21. The main-actuator portion 25 includes a rack part 28, 
a gear part 29, and a main-drawing part 30. The rack part 28 
and the gear part 29 function as a speed-increasing mecha 
nism configured to move the main-sliding die 21 by a larger 
distance than a distance of the movement of the engaged 
portion 27a between the main-actuator portion 25 and the 
main-sliding member 27. The rack part 28 has the engaged 
portion 27a, via which the main-sliding member 27 is 
engaged with the rack part 28. The rack part 28 has a rack 28a. 
The rack part 28 slides in a predetermined rack direction Y1 
in response to movement of the main-sliding member 27. The 
gear part 29 has gears 29a, with which are meshed with the 
rack 28a. The gears 29a of the gear part 29 causes angular 
displacement of the gear part 29, i.e., rotates the gear part 29, 
in response to sliding of the rack part 28 in the rack direction 
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Y1. The main-drawing part 30 is integrated with the gear part 
29. The main-drawing part 30 causes an angular displacement 
in response to the angular displacement of the gear part 29. 
The main-drawing part 30 is integrated with the main-sliding 
die 21. In the present structure, the main-sliding die 21 causes 
the angular displacement, i.e., the main-sliding die 21 rotates 
in a drawing direction X2 around the rotation axis of the gears 
29a in response to movement of the engaged portion 27a of 
the rack part 28 in the rack direction Y1. In addition, the 
main-sliding die 21 can be moved by the larger distance than 
the distance of the movement of the engaged portion 27a, i.e., 
the distance of the movement of the rack 28a, according to a 
gear ratio between the rack 28a and the gears 29a. 

Next, the sub-actuator portion 24, which actuates the sub 
sliding die 20, will be described in detail. As shown in FIGS. 
2, 11, the Sub-sliding member 26 is engaged with an engaged 
portion 26a of the Sub-actuator portion 24, and the moving die 
19 is actuated in the die-opening direction Z, thereby the 
sub-actuator portion 24 draws the sub-sliding die 20. The 
Sub-actuator portion 24 includes an action part 31, a lever part 
32, and a sub-drawing part33. The lever part 32 and the action 
part 31 function as a speed-increasing mechanism configured 
to move the Sub-sliding die 20 by a larger distance than a 
distance of the movement of the engaged portion 26a between 
the sub-actuator portion 24 and the sub-sliding member 26. 
The sub-drawing part 33 is integrated with the sub-sliding die 
20. The action part 31 has the engaged portion 26a, via which 
the action part 31 is engaged with the Sub-sliding member 26. 
The action part 31 slides in a predetermined action direction 
Y2 in response to movement of the sub-sliding member 26. 
The action part 31 supports an intermediate portion of the 
lever part 32 in the longitudinal direction so as to cause the 
angular displacement. That is, the lever part 32 is rotatable on 
the action part 31. The lever part 32 has one end 32a and an 
other end 32b in the longitudinal direction. The one end 32a 
is located at a fixed point, and the other end 32b is slidable and 
rotatable relative to the sub-drawing part 33. In the present 
structure, the lever part 32 causes an angular displacement 
around the one end 32a in response to movement of the action 
part 31 in the action direction Y2. The sub-drawing part 33 
slides the sub-sliding die 20, which is integrated with the 
sub-drawing part 33, in the drawing direction X1 in response 
to the angular displacement of the lever part 32 around the one 
end 32a. The sub-sliding die 20 can be moved by the larger 
distance than the distance of the movement of the engaged 
portion 26a, i.e., the distance of the movement of the action 
part 31, according to the length of the lever part 32. 

Next, the sub-sliding member 26 will be described in 
detail. The structure of the sub-sliding member 26 is similar to 
the structure of the main-sliding member 27. Therefore the 
structure of the sub-sliding member 26 will described, and a 
description of the main-sliding member 27 is omitted. 
As shown in FIGS. 12A to 12C, the sub-sliding member 26 

lengthwise extends and has a base end 26b, which is fixed to 
the stationary die 18. The sub-sliding member 26 includes a 
first sliding member 34, an inclined portion 35, and a second 
sliding member 36, which are integrated with each other and 
arranged in this order from the base end 26b to a tip end 26c. 
The first sliding member 34 extends from the stationary die 18 
in the die-opening direction Z. The first sliding member 34 
has an end in the die-opening direction Z, and the end is 
connected with one end of the inclined portion 35. The 
inclined portion 35 is extended and inclined with respect to 
the die-opening direction Z. The inclined portion 35 has an 
end in the die-opening direction Z, and the end is connected 
with one end of the second sliding member 36. The second 
sliding member 36 extends in the die-opening direction Z 
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8 
from the one end. The engaged portion 26a of the action part 
31 is a through hole extending in the die-opening direction Z. 
The inner Surface defining the engaged portion 26a is inclined 
and in contact with the inclined portion 35. In the present 
structure, in response to movement of the action part 31 and 
the moving die 19 in the die-opening direction Z, the engaged 
portion 26a of the action part 31 moves in the action direction 
Y2 while being guided by the inclined portion 35. The action 
part 31 moves by a distance in the action direction Y2 accord 
ing to the inclination angle and the length of the inclined 
portion 35. The action part 31 starts moving in the action 
direction Y2 at a timing independence upon the length of the 
first sliding member 34. The connecting portion between the 
first sliding member 34 and the inclined portion 35 and the 
connecting portion between the inclined portion 35 and the 
second sliding member 36 are desirably chamfered respec 
tively to define round surfaces. In the present structure, 
impact applied to the main-sliding member 27 can be reduced 
when the engaged portion 26a, which is in contact with the 
first sliding member 34, makes contact with the inclined 
portion 35 while the dies are opened. 

In the molding-dies-clamped condition as shown in FIG. 
12A, the base end 26b of the sub-sliding member 26 is most 
close to the action part 31. As the moving die 19 moves in the 
die-opening direction Z from the molding-dies-clamped con 
dition shown in FIG.12A, the action part 31 also moves in the 
die-opening direction Z. Simultaneously, as shown in FIG. 
12B, the engaged portion 26 a moves in the action direction 
Y2 along the inclined surface of the inclined portion 35. As 
the moving die 19 further moves in the die-opening direction 
Z from the condition shown in FIG. 12B, the engaged portion 
26a, which is engaged with the inclined portion 35, makes 
contact with the second sliding member 36, thereby being 
engaged with the second sliding member 36. Thus, the mov 
ing die 19 stops moving in the action directionY2. The action 
part 31 moves in the action direction Y2 in response to the 
movement of the moving die 19 in the die-opening direction 
Z, and thereby actuates the sub-sliding die 20 in the drawing 
direction X1. 
As described above, according to the present embodiment, 

the molding apparatus 10 includes the sub-sliding die 20 and 
the main-sliding die 21 as the inner dies for defining the inner 
space of the tubular member 12. The sub-sliding die 20 can be 
drawn along the Substantially linearly moving path L1 
through the other opening 16 of the tubular member 12 with 
out being stuck on the inner wall of the tubular member 12, 
since the multiple inner dies 20, 21 define the inner space. 
When the main-sliding die 21 is drawn along the substantially 
linear moving path L1, the main-sliding die 21 may be stuck 
on the inner wall of the tubular member 12 and cannot be 
removed. On the contrary, in the present embodiment, the 
main-sliding die 21 is drawn along the arc-shaped moving 
path L2, which passes through the inner space, in which the 
Sub-sliding die 20 was accommodated. In the present struc 
ture, the main-sliding die 21 can be drawn along the arc 
shaped moving path L2 without being stuck on the inner wall 
of the tubular member 12. Thus, the sub-sliding die 20 and the 
main-sliding die 21 need not be moved along complicated 
paths. That is, complicated operations need not be conducted 
for drawing the Sub-sliding die 20 and the main-sliding die 
21. Therefore, the molded product 11, which has the tubular 
member 12 and is in a complicated shape, can be efficiently 
molded. 

Further, according to the present embodiment, the main 
sliding member 27 and the sub-sliding member 26 respec 
tively move the engaged portions 26a, 27a in response to the 
movement of the moving die 19 in the die-opening direction 
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Z. Thereby, the main-sliding member 27 and the sub-sliding 
member 26 actuate the main-actuator portion 25 and the 
sub-actuator portion 24. Therefore, as the moving die 19 is 
moved in the die-opening direction Z, the main-actuator por 
tion 25 and the sub-actuator portion 24 can be actuated in 
conjunction with the movement of the moving die 19. In the 
present structure, both the sub-sliding die 20 and the main 
sliding die 21 can be drawn by actuating the moving die 19 in 
the die-opening direction Z. Therefore, a driving source for 
actuating the moving die 19 can be commonly used for actu 
ating the main-actuator portion 25 and the Sub-actuator por 
tion 24, and thereby an additional driving source only for 
actuating the main-actuator portion 25 and the Sub-actuator 
portion 24 need not be provided. Thus, the structure of the 
molding apparatus 10 can be simplified. 

In addition, the main-sliding die 21 and the Sub-sliding die 
20 can be drawn simultaneously with moving of the moving 
die 19 in the die-opening direction Z. Therefore, in the present 
structure, a time period needed for opening the main-sliding 
die 21 and drawing both the sub-sliding die 20 and the moving 
die 19 can be reduced, compared with a structure in which the 
main-sliding die 21 and the sub-sliding die 20 are drawn 
Subsequent to completion of the opening of the moving die 19 
in the die-opening direction Z. Thus, productivity of the 
molding apparatus 10 can be enhanced. 

Furthermore, according to the present embodiment, the 
rack part 28, the gear part 29, the action part 31, and the lever 
part 32 function as the speed-increasing mechanisms. There 
fore, the sub-sliding die 20 and the main-sliding die 21 can be 
drawn within a short time period. Thus, a cycle time for 
forming each molded product by using the molding apparatus 
10 can be reduced, and thereby productivity can be enhanced. 

According to the present embodiment, the molding process 
of the molding apparatus 10 includes the removing process 
having the two drawing stages. In the first drawing stage, the 
sub-sliding die 20 can be drawn along the substantially lin 
early moving path L1 through the other opening 16 of the 
tubular member 12 without being stuck on the inner wall of 
the tubular member 12. In the second drawing stage, the 
main-sliding die 21 is drawn along the arc-shaped moving 
path L2, which passes through the inner space, in which the 
Sub-sliding die 20 was accommodated. In the present struc 
ture, the main-sliding die 21 can be drawn along the arc 
shaped moving path L2 without being stuck on the inner wall 
of the tubular member 12. Thus, the molded product 11 hav 
ing the tubular member 12 can be molded with a simple 
molding process. 

Other Embodiments 

According to the above embodiment, the projected portion 
of the tubular member 12 is the substantially arc-shaped 
inclined portion 17. Alternatively, the projected portion may 
be substantially in a stair shape. That is, projected portion 
may protrude stepwise. The tubular member 12 may include 
multiple projected portions. According to the above embodi 
ment, the molded product 11 includes the tubular member 12 
and the body portion 14. Alternatively, the body portion 14 
may be omitted from the molded product 11, and the molded 
product 11 may include only the tubular member 12. Accord 
ing to the above embodiment, the one opening 15 of the 
tubular member 12 entirely communicates with the exterior. 
Alternatively, the tubular member 12 may be partially or 
entirely bottomed, and the one end of the tubular member 12 
may be partially or entirely closed. Similarly, the other open 
ing 16 may be partially closed, as long as the other opening 16 
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10 
has an opening area sufficient to draw the multiple inner dies 
Successively through the other opening 16. 

According to the above embodiment, the inner dies include 
two pieces including the main-sliding die 21 and the Sub 
sliding die 20. Alternatively, the inner dies may include three 
or more pieces. Even in the case where the inner dies include 
three or more pieces, at least a piece of the inner dies, which 
is finally drawn, passes along, for example, the arc-shaped 
moving path L2 through a remaining inner space, which 
accommodated another of the inner dies. 

According to the above embodiment, the moving path L2 
of the main-sliding die 21 is substantially in the curved shape 
Such as the arc shape. The Substantially arc shape is an 
example of the shape of the moving path L2. The substantially 
curved shape includes, for example, a segment of an ellipse, a 
quadratic curve, and the like. The shape of the moving path L2 
is not limited to the above examples. 

According to the above embodiment, the molding cavity 
13 is defined with the four dies. Alternatively, the molding 
cavity 13 may be defined with five or more dies. 

According to the above embodiment, the fluidic material 
charged in the charging process is melting resin. Neverthe 
less, it suffices that the fluidic material can be hardened and 
may be another material than the melting resin. 

According to the above embodiment, both the sub-actuator 
portion 24 and the main-actuator portion 25 are actuated in 
conjunction with the movement of the moving-die actuator 
portion 23. Alternatively, both the sub-actuator portion 24 and 
the main-actuator portion 25 may be actuated with one driv 
ing Source separately from another driving source of the 
moving-die actuator portion 23. Each of the Sub-actuator 
portion 24, the main-actuator portion 25, and the moving-die 
actuator portion 23 may be individually actuated with each 
driving source. 

Summarizing the above embodiment, the molding appara 
tus 10 is configured to combine the plurality of dies to form 
the molding cavity 13, charge the fluidic material into the 
molding cavity 13, and harden the fluidic material for mold 
ing the molded product 11. The molded product 11 has the 
tubular member 12 having the side surface at least partially 
defining the projected portion 17 having one end 15 and the 
other end 16 in the axial direction. The one end 15 protrudes 
higher than the other end 16. The molding apparatus 10 
includes the first inner die 20 included in the plurality of dies 
and configured to form the inner space of the tubular member 
12. The molding apparatus 10 further includes the second 
inner die 21 included in the plurality of dies and configured to 
form the projected portion 17. The molding apparatus 10 
further includes the first actuating unit 24 configured to draw 
the first inner die 20 from the other end 16 of the tubular 
member 12 when the dies are opened Subsequent to hardening 
of the fluidic material. The molding apparatus 10 further 
includes the second actuating unit 25 configured to draw the 
second inner die 21 from the other end 16 of the tubular 
member 12 when the dies are opened Subsequent to drawing 
of the first inner die 20. The first inner die 20 is movable along 
the first moving path L1 in the inner space. The first moving 
path L1 is substantially linear along the axis of the tubular 
member 12. The second inner die 21 is movable along the 
second moving path L2 in the inner space. The second mov 
ing path L2 bulges toward the inner space, where the first 
inner die 20 was located, and passes through the inner space 
where the first inner die 20 was located. 

Alternatively, Summarizing the above embodiment, the 
molded product 11, has the tubular member 12 having the side 
surface at least partially defining the projected portion 17 
having one end 15 and the other end 16 in the axial direction. 
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The one end 15 protrudes higher than the other end 16. The 
molded product 11 is formed by combining the plurality of 
dies to form the molding cavity 13, charging the fluidic mate 
rial into the molding cavity 13, and hardening the fluidic 
material. The method includes the clamping process for com 
bining and clamping the multiple dies including the first inner 
die 20, which is for forming the inner space of the tubular 
member 12, and the second inner die 21, which is for forming 
the projected portion 17. The method further includes the 
charging process for charging the fluidic material into the 
molding cavity 13. The method further includes the harden 
ing process for hardening the fluidic material. The method 
further includes the removing process for opening the plural 
ity of dies and removing the molded product, which is hard 
ened in the hardening process. The removing process 
includes the first drawing stage for drawing the first inner die 
20 from the other end 16 of the tubular member 12 when the 
dies are opened Subsequent to hardening of the fluidic mate 
rial. The removing process further includes the second draw 
ing stage for drawing the second inner die 21 from the other 
end 16 of the tubular member 12 subsequent to drawing of the 
first inner die 20 in the first drawing stage. The first inner die 
20 is movable along the first moving path L1 in the inner 
space. The first moving path L1 is Substantially linear along 
the axis of the tubular member 12. The second inner die 21 is 
movable along the second moving path L2 in the inner space. 
The second moving path L2 bulges toward the inner space, in 
which the first inner die 20 was located, and passes through 
the inner space, in which the first inner die 20 was located. 

The one end 15 may be greater than the other end 16 in 
cross section in the axial direction. 

It should be appreciated that while the processes of the 
embodiments of the present invention have been described 
hereinas including a specific sequence of steps, further alter 
native embodiments including various other sequences of 
these steps and/or additional steps not disclosed herein are 
intended to be within the steps of the present invention. 
The above structures of the embodiments can be combined 

as appropriate. Various modifications and alternations may be 
diversely made to the above embodiments without departing 
from the spirit of the present invention. 

What is claimed is: 
1. A molding apparatus comprising: 
a first inner die and a second inner die configured to be 

combined to form a molding cavity for molding a 
molded product, which has a tubular member having a 
side Surface at least partially defining a projected portion 
having one end and another end in an axial direction, the 
one end being higher than the other end, the first inner 
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die being configured to form an inner space of the tubu 
lar member, the second inner die being configured to 
form the projected portion; 

a first actuating unit configured to draw the first inner die 
along a first moving path through the other end of the 
tubular member; 

a second actuating unit configured to draw the second inner 
die along a second moving path through the other end of 
the tubular member, 

a stationary die configured to form the side surface of the 
tubular member; 

a moving die movable relative to the stationary-die and 
configured to form the side surface of the tubular mem 
ber; 

a third actuating unit configured to actuate the moving die 
in a die-opening direction, which intersects with a draw 
ing direction in which the first inner die is drawn; and 

a moving member provided to the stationary die, 
wherein the first moving path is Substantially linear along 

an axis of the tubular member, 
the second moving path bulges toward the inner space, 

which is formed by drawing the first inner die, and 
passes through the inner space, 

the moving member has an engaged portion configured to 
be engaged with the first actuating unit and the second 
actuating unit, and 

the moving member is configured to actuate the first actu 
ating unit and the second actuating unit by actuating the 
engaged portion in response to movement of the moving 
die in the die-opening direction. 

2. The molding apparatus according to claim 1, 
wherein the first actuating unit and the second actuating 

unit include a speed-increasing mechanism configured 
to be engaged with the moving member, and 

the speed-increasing mechanism is configured to actuate 
the first inner die and the second inner die by a larger 
distance than a distance of the movement of the engaged 
portion. 

3. The molding apparatus according to claim 1 wherein the 
one end is greater in cross-sectional area than the other end in 
the axial direction. 

4. The molding apparatus according to claim 1 wherein the 
one end is projected to be higher than the other end in a 
direction perpendicular to the axial direction. 

5. The molding apparatus according to claim 1 wherein the 
second moving path is Substantially in a curved shape 
directed from the one end to the other end so as to pass 
through the inner space formed by drawing the first inner die. 

6. The molding apparatus according to claim 5 wherein the 
second moving path is Substantially in an arc shape. 
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